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上，应用 TPD-MS 技术和热分析动力学方法系统考察了包覆对 LiNi0.8Co0.2O2
正极材料的热稳定性的影响。 
DSC 和 TPD-MS 结果表明，脱锂的 LiNi0.8Co0.2O2 材料在较高温度下容易
发生脱氧反应，脱氧过程可能分以下两步进行： 
LiMO2 → LiMO ＋ [O]      （I）   （吸热反应） 
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Abstract 
Recently, the modification of material has become a frontier subject in the field 
of lithium ion batteries. Surface coating is one of the most attractive methods due to 
its effective improvement of the performance of the electrode materials. In this 
thesis, the influences of TiO2 surface-coating to structural character, surface 
properties, electrolytes decomposition, thermal stability and electrochemical 
performance of LiNi0.8Co0.2O2 cathode material are studied in detail by various 
methods and techniques, including structural analysis, surface analysis, thermal 
analysis and electrochemical techniques. The origination of large irreversible 
capacity of LiMn1/3Ni1/3Co1/3O2 cathode material in the first charge-discharge cycle 
is also preliminarily investigated. 
Based on our experimental results, it has been confirmed that surface-coating 
can not change the crystal structure of the bulk materials and the oxidation state of 
transition metal ions in bulk phase of LiNi0.8Co0.2O2 material, Ti element does not 
enter the lattice of LiNi0.8Co0.2O2 material and becomes a single-phase, but enriches 
on the material surface as an oxide. The electrochemical experiments under different 
conditions also indicate that surface-coating could effectively improve the cyclic 
stability and the first charge-discharge efficiency of LiNi0.8Co0.2O2 electrode 
material. Whatever under high temperature or large current density conditions, the 
TiO2-coated LiNi0.8Co0.2O2 electrode represents better cyclic stability. 
An investigation of the improving mechanism of surface coating on the 
electrochemical performance of the material indicates that the improving mechanism 
is different between surface-coating and lattice-doping. Surface-coating of the 
materials cannot suppress the structural change of the material during lithiated or 
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 VI 
should be mainly attributed to the suppression on the reaction between the 
electrolytes and the delithiated electrode material surface at a high potential and the 
suppression on the oxidation decomposition of the electrolytes on the electrode 
surface. In other words, surface-coating could improve the cyclic stability of the 
material by enhancing the interface stability between the material and electrolytes 
during the charge-discharge process. 
Based on FTIR and TPD-MS research results of the oxidation decomposition 
products on various bare and TiO2-coated cathode materials surface, a possible 
decomposition mechanism of the electrolytes EC+DMC is proposed. For the LiPF6/ 
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Here, the generation of HCHO, is a radical electro-oxidation process and 
affected by electrode potentials. It is mainly related to the electric field in addition to 
transition metal ion properties. The oxidation to HCOO- in part (2) may be mainly a 
chemical process that mainly depends on the property of transition metal ions. 
Compared with DMC, the oxidation of EC is more difficult. The decomposition 
products of EC is different on bare and TiO2-coated LiNi0.8Co0.2O2 electrode surface, 
which may be caused by the difference of the interaction between carboxyl salts and 
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 VII
the uncoated LiNi0.8Co0.2O2 surface, including CH3COO-, CH3CH2COO- and 
(CH3)2CHCOO –, whereas only (CH3)2CHCOO – are determined on the coated 
electrode surface . 
Safety is one of the most important issue in the development and application of 
Li-ion batteries. Through use of a great number of thermoanalytical TPD-MS and 
thermokinetic analytical tools, the influence of TiO2 coating on thermal stability of 
LiNi0.8Co0.2O2 cathode material have been investigated. 
The DSC and TPD-MS results indicated that lattice oxygen atom is easy to lose 
from delithiated LiNi0.8Co0.2O2 cathode material surface at high temperature. The 
process may be divided into the following two steps:  
        LiMO2 → LiMO ＋ [O]      （I）   （endothermic reaction） 
          [O]＋[O] → O2             （II）   （exothermic reaction） 
The amount of oxygen lost from material during the decomposition process is 
suppressed by surface coating. 
The degree of difficulty of the chemical reaction can be reflected by the 
apparent activation energy Ea. The thermo-decomposition activation energy Ea of 
materials indicated that the reaction of oxygen lose from delithiated Li1-xNi0.8Co0.2O2 
material might be promoted by carbonxyl salts due to the decrease of initiated 
activation energy Ea. The greater is the amount of carbonxyl salts; the lower is the 
activation energy Ea. The promotion effect is not a simple catalytic process, but 
might be originated from the interaction between carbonxyl salts and the electrode 
material during decomposition process. Here, the carbonxyl salts maybe play a role 
of “initiating agent”. Furthermore, the influence is different for different carbonxyl 
salts and decreases with lengthening of carbon chains.  
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coating. The peak temperature is increased and the heat quantity is greatly decreased 
after surface coating. Our experimental results indicate that the improvement of 
thermal stability by surface coating can be explained by two reasons as below: 
Firstly, the amount of deoxygenation from delithiated material is reduced and the 
material surface is isolated from the electrolytes by surface coating, which restrain 
the oxidation reaction of the electrolytes and decrease the exothermic heat quantity 
of the reaction. Secondly, the presence of TiO2 on the surface of LiNi0.8Co0.2O2 
particles separates the active material particle surface to the carbonxyl salts and the 
interaction between carbonxyl salts and lattice oxygen of material is decreased. 
Compared with the uncoated material, the deoxygenation reaction is more difficult 
to occur and the exothermic peak temperature increases. 
In the end, the structure and electrochemical performance of 
LiMn1/3Ni1/3Co1/3O2 cathode material and a series of LiMnxCo1-xO2 materials are 
studied and the origination of the first irreversible capacity of LiMn1/3Ni1/3Co1/3O2 
cathode material in high potential region is also preliminarily investigated. 
The results indicate that the first irreversible capacity of LiMn1/3Ni1/3Co1/3O2 
cathode material mainly related to the higher plateau (~4.6V) caused by the 
decomposition of the electrolytes on the electrode surface. Mn element in 
LiMn1/3Ni1/3Co1/3O2 material plays a key role to the irreversible capacity. It is 
disadvantageous to synthesis LiMn1/3Ni1/3Co1/3O2 material with good layer structure 
due to the presence of Mn element. On the other hand, the Ni or Co ion will be 
oxidized to higher oxidation state in the end of charge process because manganese 
existed as tetravalent is found to be electrochemically inactive, which promote the 
decomposition of the electrolytes. Furthermore, the electrochemical experiments of 













博士论文                 锂离子电池正极材料的表面改性研究            张忠如 厦门大学 2004 
 IX 
method to improve the first charge-discharge efficiency of cathode materials and the 
decomposition of the electrolytes at a high potential is greatly restrained. 
In the works, a new radical electro-oxidation process of the electrolytes 
decomposition is proposed and some useful evidences are provided. In the study of 
the decomposition mechanism, TPD-MS technique is applied to analyze the 
decomposition products of the electrolyte on the cathode material surface. It not only 
overcome the shortage of FTIR technique that is only able to detect the function 
group of the species but also can be used to determine various decomposition 
species with the same function group on material surface, which provide a new 
powerful tool for the mechanism study of the electrolytes decomposition. In addition, 
in the study of the thermal stability of cathode materials, the influence of 
decomposition products to the following thermal reaction of electrode material is 
considered for the first time. The thermokinetic analysis method is applied to 
investigate the influence of carbonxyl salts from the decomposition products on the 
deoxygenation reaction of LiNi0.8Co0.2O2 cathode material. Meanwhile, TPD-MS 
technique is also applied to determine the products from the material decomposition 
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